Introduction: Denmark has been pioneering international psychiatric register research for decades. In this article we review central publications, by Danish and international authors, based on data from the Danish Psychiatric Central Research Register and other related registers. Research topics: Our aim was to describe the history, development and achievements of psychiatric research, based on the Danish national registers. The studies considered in this review can be categorized as follows: i) health service research, mainly studies on prevalence and incidence, ii) studies on the outcome of mental disorders, iii) studies on the aetiology of mental disorders. Conclusion: Studies based on Danish registers have provided significant contributions to international psychiatric research. The major advantage of the registers is that they cover the entire population, which makes the conduction of nationwide population-based studies possible. Furthermore, all information in the registers is connected to each citizen's unique personal identification number, which enables linkage between various registers and biobanks. Such linkage studies have provided important knowledge on the aetiology of mental disorders. Despite inherent limitations about internal and external validity, the Danish national registers have been extremely valuable to international psychiatric research and will continue to play an important role in years to come.
Introduction
Owing to numerous very well-organized public registers, Denmark has been pioneering international register research for decades [1] .
Register-based studies have played an important role in psychiatric research [2, 3] and with the ongoing enhancement of statistical methods, electronic handling of immensely large datasets and the possible linkage to a growing number of nationwide registers and biobanks -the future perspectives seem almost infinite [4] .
In this article we review central publications, by Danish and international authors, based on data from the Danish Psychiatric Central Research Register (DPCRR) and other related registers.
Research topics
The DPCRR remains the cornerstone in registerbased psychiatric research in Denmark [2] . All psychiatric diagnoses assigned to Danish citizens have been recorded in the DPCRR since 1938 (outpatients included as of 1995) [5] . The register covers the entire nation of Denmark (currently 5.5 million inhabitants), which has made nationwide and longitudinal population studies of mental disorders feasible.
Data from the DPCRR can be linked to other nationwide registers through the unique personal identification number that is assigned to all Danes at the time of birth or at the achievement of residentship. This system ensures a reliable linkage between the various sources of information. Furthermore, when conducting longitudinal studies based on the Danish registers, essentially no patients are lost to follow-up because incidents such as moving within the country, emigration or death are readily recorded and can be taken into account.
The research derived from the Danish national registers can be divided into three (partially overlapping) main categories:
Health service research, mainly studies on prevalence and incidence of mental disorders Studies on the outcome of mental disorders
Studies on the aetiology of mental disorders
The examples used to illustrate these categories of register-based psychiatric research also mirror the development in methodology over 40 years; from simple descriptive prevalence studies, over longitudinal incidence studies and outcome studies, to complicated linkage studies.
Health service research. In the early years of its existence the Danish Psychiatric Central Research Register was mainly used for studies on the prevalence and incidence of mental disorders. Since 1957 Professor Erik Strö mgren and his collaborators have conducted a census of all patients admitted to Danish psychiatric hospitals and other psychiatric institutions on the third Wednesday in September in every fifth year. This project mainly served an administrative purpose of describing the changes in utilization of Danish psychiatric institutions over time [6] .
Studies on the treated incidence of mental disorders were to follow. The most interesting aspect of incidence studies is the possibility to follow trends over time. Consequently, these studies require that a register has reached a certain age. In the mid to late 1980s, the DPCRR was old enough to be used in the conduction of meaningful incidence studies. Munk-Jørgensen and Mortensen found a marked decrease in the treated incidence of schizophrenia between 1971 and 1987 [7] . Later, Tsuchiya and Munk-Jørgensen showed that schizophrenia treated incidence rose again from 1990 to 1997 [8] . These variations were attributed to the varying accessibility to the treatment system and possible diagnostic variation [7] . As a secondary finding, Munk-Jørgensen and Mortensen documented that the diagnosis of schizophrenia was far from stable. There was a pronounced diagnostic delay just as the diagnosis of schizophrenia very often changed to another diagnosis over time [7] . This example underlines one of the major limitations of register research, namely that the incidence is not representative of the actual morbidity in the population but only reflects the incidence of treated patients.
Consequently, register research should mainly focus on the mental disorders that are characterized by the fact that the majority of persons with the disorder are treated in the hospital system, which reports to the DPCRR. This is the case for schizophrenia and, to a certain degree, bipolar disorder. Disorders with very low hospitalization rates, for example, anxiety, personality disorders and depression are difficult to investigate representatively based on the DPCRR.
The DPCRR has also been used in studies on long-term courses of hospitalization [9] . Kastrup conducted an important study on revolving-door patients [10] , which showed that these patients were significantly younger than others and more likely to suffer from substance abuse or schizophrenia. Kastrup's study was based on a nationwide sample covering all psychiatric treatment institutions in the country and no patients were lost to follow-up due to admission and readmission at different institutions.
Studies on the outcome of mental disorders. Outcome research faces more difficult conditions than prevalence/incidence studies because clinical data, apart from diagnoses, are not reported to the DPCRR. However, these limitations do not preclude outcome studies since relevant outcome measures of mental disorders can be found in other registers and linked to the information from the DPCRR (Figure 1) .
A recent project utilizing register linkage showed that immigrant psychiatric patients were at higher risk of experiencing coercive measures during admission compared with patients from the Danish background population [11] .
Another important outcome measure is death by suicide, which is reported to the Danish Register of Causes of Death and can be linked to the DPCRR. Patients with mental disorders have a very high risk of committing suicide. Rossau and Mortensen [12] showed that a patient admitted with a diagnosis of schizophrenia has a decreasing risk of committing suicide relative to the length of inpatient treatment. However, during the first week after discharge the suicide risk is more than doubled compared with the first days of hospitalization. This example shows that register research can have direct clinical relevance. Rossau and Mortensen's finding underlines that patients with schizophrenia must be cared for very closely in the first days after discharge.
Mortensen and co-workers sophisticated these analyses in a study based on a 5% randomized sample of the total Danish population [13] . In this sample 811 persons had died by suicide. The authors then assessed possible predictors for suicide. They found a stunning incidence rate ratio (IRR) of 337 for committing suicide if a person had been discharged from a psychiatric hospital within ''the past week''and remarkably -with any psychiatric diagnosis. This should be compared with well-known socio-demographic risk factors such as receiving disability pension (IRR ¼ 1.05) or retirement pension (IRR ¼ 1.69). This study represents a turning point in the era of register linkage research. The study clearly demonstrated that major datasets could be handled and that it was possible to include many different variables from several different registers in complicated predictor analyses. A similar approach was used in a recent study combining individual and ecological socioeconomic risk factors for suicide [14] .
Another recent example of register linkage research involving the DPCRR is the pharmacoepidemiologic study by Nielsen and colleagues, which showed an increased use of antibiotics in patients treated with the antipsychotic, clozapine [15] .
Physical comorbidity in mental disorders is a severe problem, particularly in schizophrenia, as documented by Leucht et al. [16] . With the establishment of modern registers it has been possible to investigate the extent of somatic hospitalization as proxy for comorbidity. This was illustrated by Munk-Jørgensen and co-workers [17] in their study of severe physical illness among patients with schizophrenia. Unfortunately the physical illnesses in patients with mental disorders are often not treated sufficiently. A recent study demonstrated a paradoxical discrepancy between the excess mortality from heart disease among patients with mental disorders and the lack of increased contact to somatic hospital treatment in the same patients [18] .
Patients with mental disorders are not only at increased risk of developing metabolic diseases. Several studies have showed that there is an elevated risk of being admitted for neurological disorders such as Parkinson's disease [19] , dementia [20] and epilepsy [21] following major affective disorders.
Studies on the etiology of mental disorders
The aetiological research meets the most difficult terms because the DPCRR does not include information on all individuals suffering from mental disorders, but only on those who have passed the nosocomial threshold to the psychiatric treatment system. Yet, the basis for aetiological research has improved considerably in recent years due to the possibility of linking the DPCRR to information from other registers (Figure 1) , various biobanks and clinical databases.
Studies using the DPCRR contributed markedly to the testing of the influenza-schizophrenia hypothesis in the late 1980s/early 1990s. These studies linked information on pregnancies during influenza epidemics with later development of schizophrenia recorded in the DPCRR [22, 23] .
Furthermore, Eaton and colleagues linked the DPCRR with information on somatic disease from the National Patient Register and found an association between schizophrenia and autoimmune diseases [24] . A study linking the DPCRR to the Biobank of phenylketonuria cards from Statens Serum Institut, Denmark showed an odds ratio of 1.79 for the correlation between high level of Toxoplasma gondii immunoglobulin G (IgG) and early-onset schizophrenia [25] . Findings like these point to an underlying biological cause for mental disorders -if not due to bias, as discussed by Mors et al. [26] .
In conclusion, the linkage studies combining biological information with the DPCRR are likely to provide us with important information on the biological aspects of the aetiology of mental disorders and will help us test new and promising hypothesis as, for example, the vitamin D-schizophrenia hypothesis [27] .
By examining psychiatric morbidity among firstdegree relatives of patients with mental disorders and comparing these morbidity figures with those in relatives of healthy controls, it is possible to estimate the hereditability of mental disorders. Steinhausen and co-workers used this method and compared firstdegree relatives of all persons registered in the DPCRR between 1969 and 2004, prior to their 18th birthday, with first-degree relatives of matched healthy controls [28] . The authors found a marked increase in mental disorders in the first-degree relatives of cases, compared to the control group. Also in support of a genetic aetiology of mental disorders, Kläning and colleagues, linking the Danish Twin Registry to the DPCRR, found that the rate of schizophrenia in singleton siblings of dizygotic and monozygotic twins was significantly increased compared with the rate in siblings of singletons. This suggests a ''linkage between genes influencing the rate of dizygotic twinning and genes influencing the threshold for developing schizophrenia'' [29] . Similarly Mortensen and co-workers recently documented that schizophrenia was associated with a much broader range of mental disorders in the firstdegree relatives than previously reported [30] . The most recent example of this genetic epidemiological methodology using the DPCRR is the finding of increased risk of severe mental disorders in offspring of two parents, both suffering from severe mental disorder [31] .
Conclusion
In this paper we have reviewed the use of the DPCRR and related registers within different lines of psychiatric research over the past 40 years. The articles based on the Danish registers have been published in journals of high impact and have attracted the interest of high profile international researchers, a few of whom are mentioned in this review [8, 9, [22] [23] [24] 28, 31] .
For the first two decades of modern psychiatric register research in Denmark the discussion of the inherent limitations of the DPCRR was sparse. However, as the studies left the mere administrative health service research and entered the field of outcome research and later aetiological research, a discussion of the limitations became necessary. The most severe limitations are that the representativeness depends on the degree of hospitalization and that the validity of the diagnoses is likely to be influenced by clinical traditions and local variations.
As many recent studies using the DPCRR focus on aetiology, the scientific society, for example, Byrne et al. [32] and Parker [33] , calls for validation of the diagnoses reported to registers. Initial validations of the diagnoses of depressive disorders, autism, schizophrenia, dementia and schizophrenia in the DPCRR reported by Mors [3] could act as models for such validation studies.
However, despite these limitations, it remains clear that the DPCRR has been extremely valuable to international psychiatric research and will continue to play an important role in years to come. 
